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tier of the nave, display some elaborate ornamentation. The 
north transept is also decorated. The tombs of Bishop Mer
ton and others, here and in the chancel, are worthy of atten
tion. In the south transept is the admired doorway of tile 
chapter-house. A monument of Oharles Dickens, who was 
born at Rochester and died at Gad's Hill, and whose last un
finished story, "Edwin Drood," contains more than one 
scene in the cathedral, will be regarded with much interest 
by the visitors to this fine old place.-Illustrated London 
News_ 

THE MANUFACTURING OF WOOL INTO CLOTH 
EXEMPLIFIED. * 

I PROPOSE to talk to you this evening upon no new subject, 
but upon one that bas been known for centuries, even in 
days of prehistoric times. Fragments of woven cloth have 
been found among the relics of the ancient Lake Dwellers. 
1,200 years B C. , in the Heroic Age of ancient Greece, when 
it was no disbonor for the sons otthe gods to cook their own 
�inner, women of high social rank carded, spun, and wove 
mto cloth tbe wonl gathered from the sheep of their hus
bands' flocks. Till within a compar�tively few years, the 
distaff, the spindle, and the loom, all operated by hand and 
simple in construction, constituted the chief, if n ot sole outfit 
for converting the fleece of the sheep into cloth. The use 
of machinery, worked by mechanical power, is of modern 
invention, almost within tbe memory of men now living, 
some of tbe deviccs quite so. In my aIlusions to the various 
processes of manufacture, I mean those methods practiced 
by the modern woolen mill of New Eng1and. Most of the 
wool used in the mills of tbis country is of American growth; 
th� duties imposed upon foreign wool are so great as to 
almost prohibit it3 importation. The best wool is that grown 
east of the Missif:sippi River, especially that of Western Vir
ginia, Pennsylvania, and Ohio, and is generally washed on 
tile sheep's back, or partially freed from extraneous matter. 
and in this condition sheared and sent to the market. 'Vest 
of the Missis<ippi the wool is not washed, but is sheared and 
marketed with all the grease and dirt belonging to the 
fleece. 

The miniature bag of wool which I hold in my hand will 
show you the manner of packing all wool raised east of the 
Rocky Mountains. The envelope is caIled burlap, a material 
made frllm jute, a vegetahle grown in the marshes of Bengal, 
and manufactured extensively in Dundee, Scotland, whence 
most of that used in this country is obtained. An ordinary 
sized bag is 2 � yards long, and one yard wide. You will 
notice that this bag has what is called an "ear"at each of 
the four corners. Tbese ears are put on to facilitate the 
handling of the bag. I have put on this bag the number 
200, to represent what may be considered tbe average weight 
of a bag of wool, those coming from west of the Mississippi, 
however, averaging more. 

This is a miniature hale, and you cannot but observe that 
in form and general make-up it differs materially from what 
is designated as a bag I)f wool. Nearly all of the wool grown 
west of the Rocky Mouutains comes to the New England 
manufacturer in this shape. The wool is first sent to San 
Francisco, where it is carefuIly classified according to its 
quality and condition, and then packed into bales which are 
subjected to heavy mechanical pressure, reducing the bulk to 
within a small compass of about 2ll lb. to the square foot, 
and the whole bound with four or fi\'e iron hoops. This 
form of packing is done for the purpose of securin� shipment 
at a less rate of freight, as a maximum of weight IS ohtained 
within a minimum of space. The average weight of a bale 
of wool is 500 pounds, and it occupies much less space than 
the same amount put into hags_ At one end of the bale, 
called the head, you will notice certain marks, denot ing the 
lot, the specific number of the bale, the quality of the wool, 
and the name of the grader or classifier_ 

In one of these two forms of packing the manufacturer 
�ets his wool. The first process of manufacture caIled sort
mg, now begins hy spreading out each fleece o� a partially 
inclined table, before a good light, to be separated into dif
ferent qualities according to fineness. E very fleece has its 
own range of sorts. The finest sort is found on that part 
of the fleece whicll comes from the shoulder of the animal 
and this is selected out and thrown into a bin hy itself and 
thfl same is done with the other qualities as found o� the 
body, rump, thigh, and belly. Wool sorts may be known as 
picklock-which is the finest-first, second and so on to 
seventh and eighth, which are very coarse. ' No one fleece 
has this full range of sorts, hut it may have a range of four 
or five sorts. Tile practiced eye of the sorter can discrimi
nate between two sorts, though the difference in the fineness 
of fiber may be only a ten-thousandth part of an inch. This 
lockof wool is, as it comes from the sheep, greasy and dirty. 
Before it can he used in manufacture it must be cleansed 
from these impurities, and the next process is for the purpose 
of effecting tbis object. I will take half of this sample and 
put it in this li<l.uor and let it remain there for a few minutes. 
This operation IS wbat is called scouring the wool, which is 
putting the wool into a liquor of strong detergent properties, 
yet it. mll'lt not be so powerful in its corrosive action as to 
Impa�r the strength of tb� wool. I have used here a liquor 
that IS more generally relIed upon than any other tile in!\'re
dients of which are caustic soda-ash and common'saIt The 
salt is employed to correct some of the harsher charact�ri�tics 
of the soda-ash. The temperature of my liquor is about 
115°, or not so hot but that the hand can be held in it with
out inconvenience. Too hot or too strong a liquor would 
injure the strength of the wool, stain it, and set, more or 
less, the animal grease. If the work is nJt done right here 
the dyer is troubled in getting his color, aside from occasion: 
ing annoyances in otller parts of the mill. 

Important as this operation is, it is dependent oftentimes 
upon the most ignorant of factory help, becau8e it is a wet 
and dirty joh that few apply for. Having allowed the wool 
to remain in the liquor for a short time, it is taken out and 
drained, so that the liquor can return to tile tuh and be re
use?, for old liquor is bet�er than n�w, and it is tbrown away 
�ntlrely only after becommg foul Wit II dirt. The grease that 
IS removed from the wool has of itself, in comhination with 
the liquor ingredients, good cleansing properties, and in tbis 
�espect gives value to the liquor as a detergent. The wool 
IS next thrown into a rinsing box, where it is tossed about 
and wa�hed in a strong current of water which enters the 
box at the bottom, and is given a whirling motion hv the 
curved form of a copper bottom. The copper hottomis per
forated with small holes, a sixteenth to an eighth of an inch 
in diameter, to allow the unclean water to pass off freely. 
As soon as the water runs clear the wool is taken out and 
is ready for coloring, which is the third proceSR. I will take 
out the wool I have in the scouring liquor and wash it in 

,., A lecture delivered at Reading, Mass., by HlINBY G_ KITTBEDGB. 

this pail of clean water, to show you how white it will come 
out, and in a rude way illustrate the process I have deRcrihed 
to you. You see the wool is white. It wi II look more /laky 
when dry. The wool is next Sll bmitted to the coloring 
process. The dye kettle is made of wood, either circular or 
rectangular, alld large enough to hold about 200 pounds of 
clean wool. All heating is done by steam, irltroduced into 
the kettle by means of a wrought-iron pipe whicb runs along 
tbe hottom of the kettle and undpr a so-called false bottom 
perforated with boles, put tbere to keep the wool from com: 
inl!' in contact with the steam pipe. 

Every department in a woolen mill requires a great deal 
of skill and experience, far more than tbat needed In a cotton 
mill. A successful dyer must be familiar with the nature 
of his dyestuffs, tbe effect they will have upon the stock he 
has to color, as used alone or in combination with other 
materials. He should be familiar witb cbemistry as applied 
to dyeing, the effect of heat and lil!;ht upon colorH, the 
cbemical properties of his coloring matters, and the changes 
and combinations to which they are liable. To illustrate the 
process of dyeing I sbaIl undertake to show you a method 
of coloring wool green. 

I have selected this color, as it is what is caIled a second
ary color, or one made hy the union of two elementary or 
primary colors, blue and yellow. I have here, over thiB 
lamp, a strong solution of alum, argo 1, extract of indigo, 
and fustic in a state of ebullition. Into this solution I will 
put some wool. cleansed from all extraneous matter, and let 
it boil a few minutes. In coloring a batch of wool in the 
dye-house, it woulrl take an hour's boiling to do what I pro
pnse to accomplish in a few minutes; in other words, I bave 
made my solution so strong that the fiber will be quick
ly impregnated with tbe colorin!\, matter. I do this t.o 
hasten the exbibition, but it would be a wa�teflll operation 
in the dye-house. We will suppose a dyer is ordered to pro
duce a Cf'rtain shade of green, the very sbade that I propose 
to g-et. In order to do this he must know the composition 
of the color green, which is the union of blue and yellow. 
N ow he must select his proper dyestuffs wbich will impart 
blue and yellow, and of such characteristics as will freely 
combine with each other in conjunction with the mordants 
used. 

The green. he wants to get must be bright, therefore he 
selects for hiS blue constituent the extract of indiO'o or as 
it is sometimes cnlled, sulphate of indiO'o or as (h� n�me 
impli�s, a solution of indigo in concentr�t�d �ulphuric acid. 
Fm: hiS yeIlow he must find some dyestuff that will give the 
dew'ed strength of color, and still work in common with the 
extr'act of indigo. He selects fustic, which he knowA has 
g<;od tinctori�l power, and is but little affected by ac;ds. 
}lust,c is obtarned from a large tree that grows in the West 
Indies and in Brazil. It is one of the mo '8t useful d vewares 
used in a mill. It ,l!'ives the yellow in an orange brow II and 
olive color, and is even used withloO'wood to I?r:,duce biack. 
If the art of the dyer was limited to '!be selectIOn and use of 
h.is d�e:drugs, bis vocation would be one of comparative 
slmphclty. Few dyes have the power of imparting tbeir 
colors unaided to either silk, cotton, or wool . with any 
fixedness or permanency. They require a medi�tor tbat has 
a mutual affinity for the suhstance to be colored and the 
coloring matter, and this affinity must he held in such equi
!ibrium that between the two it shall be equal. If tbe affinitv 
IS stronger for' the dye tban for the fiber a precipitation 
takes place which drops to the hottom of'tbe kpttle and 
leaves but a feeble deposit of color on the fiber_ Th� me
diator is called a mordant, from the French" mordre " to 
bite, as it was thought by the dyers of old that it bit' into 
the fiber, and opened a way for the coloring matter to enter. 
A mordant must not only have an attraction for the fiber and 
the dye, but it must posse,s the antithetical characteristics 
of soluhility and insolubility; solubility and liquidity when 
it is introduced to tbe fiber and dye, and insolubility after it 
has united with the dye. The one enables the dye to per
meate the fiber, and the other to fix it there. The value of 
a mordant is measured largely by the intensity of its insolu
bility after its combination with tbe dye. Should I atiemrt 
to color my wool in It solution of extract and fustic alone, I 
should find that I had a color of little or no durn bility one 
that could be easily washed out. To prevent this, I 'have 
used in my solution two mordants, alum and argol. Neither 
of tllese is a stron!\, mordant when used alone, but together 
they are very effective. They are employed extensively in 
the dye-house for such colors as delicate shadE'S of blue 
pink, and yellow, or the tints of the three primary colors: 
Alum is one of the oldest mordants known. It is better to 
buy i t  in the lump, as being less liable to impurities. Argol 
is ohtained from the juice of grapes and is not unfrequently 
found incrusted in a crystallized state on the inside of wine 
casks_ Purified, we have what you all know as cream of 
tartar. It is a weak acid, and is not destructive to fustic. 

I will now remove from the improvised kettle the wool 
that has been boiling in the coloring solution. You will 
observe tbat it comes out a brigbt green, just what was 
wanted. As you will notice, the coloring matter is not 
evenly distributed; some portions of the wool mass have a 
deeper shade of .green than otbers. This is owing to some 
of the wo_ol havmg freer access to the. dyes, by being more 
open; or It may he on account of the Imperfect cleansing of 
the wool. Tile first difficulty can be overcome only by con
stantly stirring the wool in tile kettle by the use of long 
poles, thus breaking up any compact mass, and exposing 
every part of the wool batch equally to the dyes. When 
tbe coloring an1 mordantinl\' are done in one dip, as I have 
done to-nigbt, instead of two, the uniform distribution of 
the color cannot be so confidently depended upon. By two 
dips, 1 mean those processes tecbnically called·r preparing" 
and" finishing." Tbe first, in which the wool is treated to 
the mordants alone; and tbe second, in which it is put into 
another kettle and subjected to the dyes that give the color. 
With the hest of care absolute uniformity of color through
out the batch cannot be expected, nor is it essential. If the 
variation is not great, and there are no white spots, the irre
gularity will not be detected in the subsequent processes of 
picking and carding, whicb tboroughly mix the wool. 

Before leaving the consideration of tile dye-house, I wish 
to speak hriefly upon what may he regarded as a collateral 
topic, though highly important for a true und scientific dyer 
to understand, viz.: Oolor. There are tbree elementary colors 
termed" primary," from which all other colors are derived: 
and there are tbree composite colors, termed" secondary" 
formed by the comhination of two of the primary colo;s. 
The three primary colors are red, yellow, and blue; and the 
three secondary colors are orange (the union of rpd and 
yellow), grellll (the union of yellow and blue), and violet 
(tbe umon of blue and red). There is anotller color called 
indigo (the union of blU!� and violet), wbich, with the three 
primary and three secondary colors, make the seven colors of 
the solar spectrum, often designated as the "pri,matic 
colors." To illustrate my observations I will construct a 
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circular chart after the plan of Chevreul, a former director 
of the dye-works of the Gobelins at Paris. 

�f a pen?il of white sol�r light be passed through a glass 
prism It Will be refracted mto the seven colors as just men
tioned, and convprsely the merl!;ing of the �even colors into 
one will produce a wbite pencil of light. If upon a disk the 
seven colors, or even the three primary colors. are painted, 
and the disk made to revolve witb sufficient rapidity to 
blend the colors, tbe effect to tb� eye will b�.a white color. 
ThIS .may be termed tbe "optICal c(jmposltlOn" of tbese 
color�. On the other hand. if tbe three primary colors in 
pigments he mixed in certain proportions, blnck will be 
produced and this may be termed the "physical compo
sition" of these colurs. The optical composition and the 
pbysical composition of cnlors are two brancbes of the same 
study. The one belongs to the designer of the woven fabric, 
and the other to tbe art of the dyer. There are certain 
expressions applied to colors that it may not be amiss 
to speak of, namely, tone, sbade, tint, and hue. The tone 
of a eolor is a term used to denote tbe modification which 
tbe color, in its greateet purity, experiences by the add ition 
of . black or w bite. By adding black to a pure color, you 
hetghten the tone and produce what is called a shade. 
By adding white to a pure color, you lower the tone and 
produce a tint. The expression hue is employed to desig
nate the modifications that a color undergoes hy receiving 
a small quantity o f  another. 

In the exper1mel\t we have had to·nigbt in the production 
?f a green, had I procured a pure green and desired to give 
It a bluish hue I should have added to the dyeing ingredients 
more extract of indigo, and had I desired a yellowish hue I 
should have added more fustic. Had I desired a tint of green 
I sbould bave employed a less amount of the coloring mate
rials, or had it been a shade I wanted I should have increaRed 
the quantity. 

Scarlet is a hue of red inclining to yellow, and knowing 
that to be so the dyeJ: forms his receipt by adding to his red 
dyes, perbaps some fUotic, the same as t;sed for mv green, to 
give the yellow composition. Should he add enough fustic 
he would produce an orange. 

Claret is another hue of red, but inclining to blue, and 
therefore to the red dyes some coloring material is added, 
such as ltJgwood, to give the blue composition. 

Pink is a tint of red, which the dyer gets hy varying the 
proportions of the dyes that he uses in procuring a red. A 
first-class dyer shnuld know the conotitution of the color he 
wishes to produce, and the nature of the dyewares he bas to 
employ, as well as the chemical effect of light and heat. 

After the wool has been colored it is dried, either by 
spreading it on a platform out of doors, and exposin,g it to 
tbe rays of the sun, or by spreading it on wire nettmg in
doors, and forcing til rough it heated or cold air by means of 
rapidly revolving fans. 

It then goes to the picking room, when it is mechanically 
dusted and then spread out in thin layers, one above the 
other, each layer receiving a sprinkling of oil. The work 
done here is under the �upervision of the overseers of the 
carding, and though the labor is often delegated to boys it is 
far from being unimportant. A batch of several hundred 
pounds of wool is mixed at a time. W hen ready, the boy or 
man as it may be, takps an armful verticaIly from the pile 
that is, a portion from several layers, and puts it on tb� 
moving endless apron of a machine called a l?icker, which 
slowly delivers it to a cylindrical wheel, revolVing 800 turns 
a minute, and armed on the periphery with numerous teeth 
shaped like the claws of the cat, that throws the wool in 
fiakes like snow, into an adjoining room or bin. This ope
rat.ion of picking is repeated, so that the batch of wool be
comes evenly and thoroughly mixed. It is now ready for 
carding. In the matter of oil tbat sbould be used on wool 
much could be said. Opinions vary as to the kind that is 
the best to meet the requirements {If all the processes of 
manufacture. A wool oil must possess sufficient consistency 
to preserve from injury the delicate barbs of the fiber, and 
yet it must have enough fluidity to spread well so that every 
part shall have its pl'Oper alld equal proportion. It must also 
be of such a nature as to scour out easily in the cloth. To 
meet these requirements to the best advantage an oil should 
be selectpd with the oleine greatly predominating over the 
stearine, two ingredients of all oils, and of such I do not 
know of ony that excel either olive or lard oil, giving pre
ference to the former, assuming the purity of botb. 

The oppration of carding wool I cannot explain to vou 
better than by the use of the diagram before you, which 
represents a machine called a first hreaker, it being the first 
machine over which the wool is made to pass. 'The diagram 
is a longitudinal section of the machine, whicb you may con
sider as forty-eight inches wide, made up of a number of 
cylinders of different diameters, revolving at various veloci
ties. The wool is brought in from the picking room, and 
put into bins by the side of this first breaker. A boy takes 
a small batch of it, carefully weighs a certnin quantity on 
scales attached to the machine, made expressly for tbis pur
pose, and then spreads it evenly on what is termed the feed
tahle. This manipUlation is now dooe in tbe best mills hy 
means of a recently invented machine. From the feed-table, 
whirh is endless and moving toward the machine, the 
wool passes between two rolls, called the feed-rolls, and is 
delivered to tbe burr cylinder, which is made of steel, armed 
with numberless teeth, whence it is taken by the tumbler 
and carried to tbe main cylinder, which is four feet in 
diameter and is speeded at 110 revolutions to the minute 
and from which it g-oes to the first worker, to be take� 
off by the stripper and again delivered to the main cy linder, 
to be carried to the second worker and stripper, and rede
livered to the main cylinder for three more like operations. 
The process thus far constitutes tbe real carding as far 
as the first breaker machiI:e is concerned. What fnllow 
are tbe means for ,l!'elling the wool off the machine, and the 
first operation is that of tbe "fancy," the circumference 
of which revolves faster than tbat of the main cylinder, 
from which it bl'U�he� up the wool so that the doffer can 
receive it. From the doffer it is taken off by a vibrating 
steel comh and is drawn through a revolving tube on to a 
spool in one continuous sli ver. This which I hola in my hand 
is a piece of a sliver, and as I open it you will observe that 
the fibers of wool are more or less parallel. Parallelism is 
the de,ideratum in carding'; clean,ing the wool of extraneous 
matter is incidental, though of value. The cylinders of the 
machine are covered by what is termed "card clothing," 
wbich is made of leatber thickly set. with fine wires, pecu· 
liarly bent, and, excepting the fancy, standing out a quarter 
of an inch from the leather. Tbis which I exhihit to you is 
a piece of card clothing technically called tbe filleting. and 
used for all the cylinders with tbe exception of the main 
cylinder. The protruding wil'es are longer than these for 
the "fancy," hut otherwise the same. The main cylinder 
is covered with clothing cut into .. sheets," say 6 in. by 48 
in_, securely tacked on, otherwise not differing from the 



FEBRUARY 25, 1882. SCIENTIFIC AMERICAN SUPPLEMENT, No. 321. 5117 

.. filleting." The filleting is wound o n  the small cylinders 
and tacked at botb ends. -The wire teetb,as you will observe, 
are arranged in the leather in rows, and bent so as to serve 
the triple purpose of freely recpiving. holding, and delivering 
the wool. Using tbpse pieces of card clothing I will endea
vor to illustrate the operations of the machine. Tbe true card· 
ing of the wool is done by the main cylinder and workers, 
thus, straightening the fibers and giving them a dpgree of 
parellelism. The strippers remove the wool from tbe workers, 
tbus, in a very clean manner, and readily part with it to the 
main cylinder. All subsequent processes are simply methods 
for getting the stock off the machine. After the first breaker, 
the stock bas to pass over two other carding machines, the 
general operations of wbich are the same. From the second 
macbine the wool comes off tbe same as from the first 
macbine. tbat is, in a sliver, only, as you will observe from 
the specimen before you. it is smoother. freer from lumps, 
and tbe fibers more uniform in parallelism. On the third 
machine, called tbe .. finisber." the wool is carded the same 
as on the preceding two machines, but instead of coming off 
in one strand it comes off in a number of strands called 
"roving," wbicb is wound on spools ready to be put on a 
spinning macbine. 

thus getting more or less of lint into the lungs. The shuttle aiding the other in intensifying its tone. Strongly contrast
is now ready for use, and as it is made to traverse the warp ing colors can often be 'used with pleasing effect ill stripes, 
it leaves some of the yarn as it unwinds from the bobbin. checks, and broken fij!ures, wben Dot made too prominent. 
The sbuttle bas nothiIJg to do with the style of weaving; By putting together two colors of different deptb of tone, 
tbat, as I have said, belongs to tbe harnesses; but it has that wbich is deep will appear deeper. and that wbich is 
often an important part to perform in the distribution of light will appear lighter. This you will observe in the black 
several colors, in which case more than one shut tle is used; and white basket sample whicb I gave you. Tbe black is 
there are as many used as there are colors. marle to appear a brigbter black and the wbite a clearer 

The mechanism of a luom for weaving fancy cassimeres, wbite. Were the colors a dark red and a light green, the 
etc., I shall not be able to explain to you in an intelligible red would appear a deeper red and thp green H ligbter green. 
manner, unless you have seen sucb a loom, and are more or The dark color seems to lose its white ligbt, and impart it 
less familiar with its working. I will, however, dwell to the ligbter colur. The pbysical composition of dyes, and 
briefly upon tbe art of designing the style and pattern of the optical composition of contiguous colors producing 
woolen fabrics. To be a successful deBigner, a person simultaneous contrast of colors, may be termed as the posi
sbould be well acquainted with the operations of a loom, tive and negative compm;ition of colors, or tbe attractive 
and the effect producerl by those operations; and he should and repulbive composition of colors. These two features 
be well versed in the laws of contrast of colors, and above all are re,pectively the study of the dyer and tbe designer. To 
possess a natural taste and aptitude for tbe vocation. Ameri illustrate. The union of red and yellow dyes wil l produce 
can mills are becoming more and more original every year in an orange. Tbis I call the pnsiti ve or attracti ve composition 
their designs, imitating foreign makes only in ideas. It was of colors. Place the colors red and yellow in juxtaposi
comparatively but a few years since the profession of an Am- tion and tbe red will incline to violet and the yellow to 
erican designer, with occasional exceptions, was misnamed; green. This I call the negative or repulsive composition 
and, instead of inventing, was simply copyin&, hy dissecting of colors. Tbe same may be said of orange Hnd green 
a piece of clotb and reproducin� it The princIples of design- if placed in contiguity. The orange will lose some of its 
ing are simple and few; but It is tbeir application in com· yellow and appear redder. and the green will also lose some 
bination tbat makes the art difficult and perplexing. The of its yellow and appear bluer; and botb {'olors are 
design must be made agreeably to the effect that is intended intensified. The whole scale of colors can be gone through 
to be produced. The designer delineates bis pattern upon with in the same way. 

I have here some roving which is nearly perfect. It is 
necessary for good work that every strand should be of the 
same size and uniform, and wben held between the eyes and 
tbe light no impurities should be visible. 

The three carding machines that I have mentioned are 
together designated as a "set," whicb is always referred to 
when the product.ive capacity of a woolen mill is alluded to. 
A cotton mill has its capacityJndicated by the number of 
spindles. The Wasbington Woolen Mills at Lawrence 
have 69 sets. The Atlantic Cotton Mills at Lawrence 
have 86,880 spindles. A set of wool carding machines will 
card on the average 100 lb. of clean wool a day. At this 
rate the Washington Mills would use 6,900 pounds of clean 
wool a day, or the production of 2,�00 sbeep; enougb to 
clothe 1,240 men, or make a yarn of this size (5 rUllE) go 
round the earth at tbe equator one and one-sixtb times. 

The spools of roving are now taken to tbe spinning room, 
where the next process of manufacture is performed. The 
spools are put upon what is known either as a .. jack," or 
as a mule, wbicb is a machine for stretching and twisting 
the roving so as to give it fineness and strengtb, as well as 
greater uniformity of size. Tbe jack is very long compared 
with its width, aad carries usually 240 spindles, each of 
wbicb wbirls 4,000 times a minute. On tbe spindles are 
put the bobbins that receive the spun yarn. The spindles 
are fixed on to a "carriage" with Wheels that run on 
stationary tracks, and it moves backward and forward; 
tbe backward motion is for the purpose of drawing out and 
reducing the size of the roving, wbile the forward motion is 
to take up and wind on the bobbins the yarn tbat bas been 
spun. The spinning or twisting of the attenuated roving is 
done by a peculiar adjustment of the macbine, whicb makes 
tbe yarn roll over the top of the bobbin in its seeming 
attempt to wind on the bobbin while tbe spindle is in a state 
of rapid revolution. Some of the motions of a mule or a 
self-operating jack are the prettiest of any machine in a 
mill. With this strand of roving I will try to illustrate the 
drawing out and reducing the roving to the size desired. 
While tbe roving is being drawn out it is undergoing more 
or less twisting, and the finest parts receive the twist the 
quickest, and in reverse ratio to the amount of twist so is 
tbe tendency to reduction, and as twisting imparts strengtb, 
so are tbe finest places, with the greater amount of twist, 
able to assist in drawing down the larger and more yielding 
places to greater uniformit,Y of flize. After the roving 
is reduced to the proper dImension, the spinning is com
pleted by simply introducing more or less twist into the 
yarn, sufficient for the purposes for which it is r�quired. 
Tltisbobbin of yarn is for tbe woof of the cloth, more gene
rally called the" filling," or that wbich runs ('.cross tbe clotb, 
and is spun with less twist tban tbe warp, or tbat which runs 
lengthwise of the cloth. After the roving is spun into yarn 
and wound on the bobbin it is ready for the weave·room, in 
many respects the most interesting department in a woolen 
mill. 

Archreological researcbes and discoveries have give� 
indisputable evidences of the art of weaving existing in pre· 
adamic days. The art may have been practiced nearly con· 
current with tbe being of man, as fragments of woven cloth 
have been found among the relics of tbe Lake Dwellers, who 
are supposed to have been about tbe first representatives of 
man. Tbe Bronze Age furnishes specimens which place' 
the art above most others in the degree of perfection, and 
thougb the remains 'of Switzerland and France give to us 
only linen fabrics, those of Denmark and Scandinavia, 
as well as of Yorksbire, England, contribute fabrics made 
from wool. Tbe Bible furnbhes the earliest record of the 
art of weaving. Job lamented that his days were passing 
with the fleetness of tbe weaver's shuttle; and Joseph was 
attired in "vest ures of fine linen." 

The ancient Peruvians and Egyptians have left to us 
proofs of their skill as weavers. At the Centennial Exposi
tion of 1876, there was in the Peruvian department a piece 
of woven clotb taken from a tomb of the Incas, at least 
2,000 years old, and in an excellent state of preservation, 
with tbe colors scarcely dimmed tbrough a cycle of many 
centuries. 

The principal advances in the art of weaving have been 
made during the last one hundred years. 

Before a piece of cloth can be woven the warp bas to be 
prepared for the loom, and to do that the yarn bas to be 
taken from tbe bobbins and wound tightly on long spools, 
of the same size and construction as jack spools. Tbese 
spools of yarn are then put into a "dressing machine," as 
many aEl are necessary to supply the required number of 
threads for the warp. On this machine the warp is properly 
arranged; the various colored yarns placed as it is wisbed to 
have them apj:ear in the woven fabric, the starch dressing 
applied if need be to give strength, and tbe whole wound on 
a reel, and then<;e on to a lo�g beam ready to be put into a 
loom. Tbe warp threads are drawn through heddles like 
this one, whicb are fine twisted wires witb eyelets in the 
center, and througb each eyelet is passed one thread. The 
beddles are affixed to frames called barnesses, and it is tbe 
varied movements of the barnesses tbat give to the cloth the 
style of weaving. The weft, or as generally called l1side 
tbe mill, the filling, is introduced between tbe warp by 
means of a shuttle '\vbich is thrown from one side of the 
loom to the other, from eigbty to a hundred times a minute. 
r have here a shuttle made from apple-tree wood, an excel
lent material for the purpose; and on tbe spindle I put a 
bobbin of yarn, wbich is held securely in its place by a 
spring and catcb. The Y'trn is now drawn tbrough a hole 
or eye at tbe sirle of tbe sbuttle, by a small hook, or by suc 
tion, which is an unhealthy practice some weavers have, of 
placing the mouth at the eye and sucking tbe yarn througb, 

paper, which is marked off into square sections that are sub- Tbe next and last process of manufacture is what is tech· 
divided into sixty four little squares, like tbis which I will nically known as finishing, wbich is tbe manipulation of the 
dl'aw on the blackboard. The sections of sixty-four little woven fabric through certain operations preparatory to its 
squares are for convenience' sake for ready computation. becoming an article (1f clotbing. The cloth as it comes from 
The little squares taken longitudinally represent the warp, tbe loom is called the "flannel," and it is greasy and dirty, 
and when taken transversely represent the weft or filling. and to remove these impurities is tbe first thing to be attended 
The pieces of cloth which I now pass among you are from to. This is done in a macbine called a wasber, shaped mucb 
wbat is known as ladies' cloth. You will observe the weav- like a box, very deep, with a circular bottom, and carrying 
ing to be like tbat of cotton sbeeting-tbat is, a plain weav- near tbe top two very beavy wooden rollers, between which 
ing, the simplpst tbat can be devised. This weaving taxes the cloth is made to revolve, tbe two ends of the cloth being 
the strengtb of the warp more tban any other, and receives tacked, or sewed together. I bave represented before you a 
the weft witb greater reluctancy. It is also more difficult vertical section of a wasber, sbowing the rollers, etc. While 
to felt. On the other band, it is the most durable of any the cloth is in motion a warm solution of soap is slowly 
that can be given to a fabric. To represent tbis weaving poured upon it till tbere is a sufficient quantity in the machine 
on the designing tablet, I will mark off diagonally two of to thorou�hly wet the clotb. The cloth is allowed to run in 
tbe little squares, with crosses. Tbe pattern, as you see, the solutIOn till the dirt and grease are loosened and dis
requires but two threads of warp; and it is the alternate up- solved, wben streams of clear cold water are turned on 
and-down motion of these tbat constitutes the plain weave. through large pipes to wash the cloth clean of every impurity. 
Tbe pattern is many times repeated in the cloth, one·half as About a nintb part of the weigbt of the flannel as it comes 
many times as there are threads in tbe warp and weft. In from the loom is dirt and grease. The cloth is next fulled, 
tbis the back and face of tbe clotb are alike, the amount of wbich is done by passin!!.' it rapidly between two beavy 
warp and weft being in equal proportion on either side. revolving rollers, for >everal hours, it being kept at all times 
Generally speaking it requires as many barnesses in a loom thoroughly wet by a Fpecially prepared warm solution of 
as there are warp threads in tbe pattern; and as there are soaJ;>. By fulling, the cloth is sbrunk in width frnm thirty
two warp tbreads in a plain pattern a loom must carry two six mcbes to twenty-seven incbes. Tbese figures I give to 
barnesses. convey an idea of the sbrinkage; they are approximate. Tbe 

I will now pass among you pieces of clotb having a differ. standard mef\�urement for single width goods, or cassimeres, 
ent weave. You will observe that the cloth is ribbed, and is twenty-seven inches, finisbed ready for the market. Pro· 
that on one rib there jg a fine twill running in one direction, cesses subsequent to fulling have a tendency to shrillk the 
and on tbe next rib a fine twill running in a contrary direc- cloth in width, so that in fulling it is not always best to narrow 
tion, while on the back the yarn is coarse, loosely woven, the cloth to twenty·seven inches, but ratber allow it to be a 
and rough. It is a worsted fancy cassimere with a backing. little wider than tbat. Tbe art of fulling has been known 
Tbere are several things to consider in this cloth. In the from time immemotial. Working the cloth in a tub with tbe 
first place, let us take the twill on one of the ribs, and we feet was an ancient method that was practiced to some 
find it to be a four-harness twill, requiring four threads in the extent in Europe inlo the tentb and eleventh centuries. The 
warp and four threads in the weft to make the pattern. I will purpose of fulling is to felt, or entangle tbe fibers of wool 
represent this weave on the tablet. As I have remarked, the together so as to give the fabric a compactnes8, and in doing 
squares taken longitudinally stand for the warp threads, and so the widtb and length are contracted. To accomplisb tbis 
taken transversely, stand for the fining or weft threads. I a certain degree of beat. is needed with It soap baving some 
will commence at tbe left hand and number the warp threads alkali. The art of fulling cannot be gfJverned by fixed rules, 
one, two, three, and four; and commencing at the top I will and the same may be said of everything connected with the 
number tbe filling threads one, two, three, and four. Tbat finisbing department; experience, judgment, and care are tbe 
is all that is needed for the pattern. If you please we will necessary qualifications of tbe operator. Should the soap 
remember this plan of enumeration in the subsequent expla- solution be too hot, or too strong of alkali, or applied to tbe 
nations. I will mark off warp threads one and two, tben cloth unevenly, or sbould the temperature in the machine be 
two and tbree, then tbree and four, then four and one. too high, damage of some kind would be the result. It is 
This is meant to show that filling.thread one passes under here that colors are ruined, cloths made tender, and numer
warp-tbreads one and two, and oyer three and four; and ous other evils occur. There are some cloths of the cbeaper 
fIling two over warp one, under warp two and three, and class tbat are weighted witb flocks being stuffed into tbem. 
over warp four, and so on for the remainin� filling threads, Flocks prepared for tbis purpose are hits of woolen rags or 
tbree and four. This four-harness pattern L� repeated four refuse fibers of wool, cut 01: ground to the fineness of powder. 
times for the rib, requiring in all sixteen harnesses, or warp I have here a sample of tbis kind ofjlocks Tbey are forced 
tbreads, w hich I will indicate in the design. 'For the next into tbe clotb in the fulling mill d uring the process of felting, 
rib you will notice the twill runs in a contrary direction, tbe large rollers doing the pounding in, and are applierl to 
having the same weave, only in a divergent order, and this the back of tbe fabric. So skillfully is this done, that detec· 
I will represent in the design. We bave now for the two tion is difficult. Tbey give the fabric a firmer feeling, and 
ribs thirty-two warp tbreads, whicb are needed to complete by filling tbe interstices oftentimes improve the apptarance. 
the full pattern. This design is repeated one half as many As might be supposed, their tenancy is unreliable and they 
times as there are ribs in the cloth. I will simply say that are easily worn out of the cloth, as many of you may bave 
by a simple process of reduction this design can be woven noticed in some of your garments. I have bere specimens of 
with four harnesses. If thi3 was all, you would have a cloths in tbe flannel state as they come from the loom, and 
smooth piece of clotb of a herring-bone style without ribs. the same after they are fulJed and finisbed. One is that of a 
Wbat gives the rib elevation is the introduction into the cassimere, and the otber of a cotton warp nnion beaver. In 
weave of tbe backing thread. This tbread is in tbe weft, tbe first condition ·tbey are sleazy, and in tbe second firm and 
and serves the double purpose of producing a riband adding compact. Tbe union beaver will interest you more by my 
weight t o  the fabric; and as it does not show on the face of telling you that the warp is cotton, and the weft, or filling, 
the goods it can be made from inferior grade of stock. The eighty-five per cent. shoddy and fifteen per cent. wool, and 
position the backing thread occupies in the pattern I will well filled with flocks. It is colored in tbe piece, after full
express in tbe design. showing tbat it has no connection ing. Considering its composition it is a handsome piece of 
with the face weave, except in the simple overlapping of goods, and unless you were an adept you would probably be 
one warp thread out of every sixteen. In the subsequent deceived in its purcbase. 
process of fulling, which narrows tbe cloth, the backing, After fulling, the fabric is again washed to cleanse it of 
being free and untrammeled, more readily contracts, soap, etc., and it is then subjected to a process for raising a 
and in so doing tbrows the face upward and produces tbe nap, called gigging. This is done on a machine baving a 
rib. While the plain weave is very trying on the warp, the large wheel, wider tban tbe cloth, on the peripherv of which 
twill weave of all kinds is very easy. are fastened iron frames filled vdtb a numerous' supply of 

I wish to pass among you samples of a basket style of teasels, wbicb, while in rapid motion, are brougbt in contact 
weaving, whicb can be used with very pretty effect. I will with the face of the cloth till a sufficient nap is raised. Tbe 
sbow tbe design on the tablet. nap covers up and alleviates tbe harsh and angular appear-

The pattern calls for four tbreads in the warp and four ance of the cloth. Giggillg, if for no otber purpose, raises 
in the filling. Warp threads one and two are raised, and the loose fibers on the surface of the cloth so tbey can be cut 
tbree and four depressed to receive filling tbreads one and off in the subsequent process of shearing, and gives to it a 
two, and warp threads three and four are raised and one clearer and cleaner aspect. r bave a few teasels wbicb I will 
and two depressed to receive filling threads three and have pas,ed for your examination, as they exercise an im· 
four. What I bave shown you are the very simplest of portant fUllction in tbe manufacture of woolen goods, and no 
weaves, but alone, o r in combination, tbey can b e  used with ingenuity of man has ever invented a substitute for them. 
very pretty effect in colors. This little homely product of nature has defied the genius of 

I spoke to �'ou on tbe subject of colors, in connection with man for more than eighteen centuries. No steel has ever 
dyeing. I will again refer to it in connection with the art been so delicately tempered as to equal it for tbe critical 
of designing. The designer wants to know the effect of work required of it. It is a native of Europe, and known as 
color as it appeals to the eye. The colors that should be in- the fuller's tea.sel, though cultivated to a large extent in tbis 
troduc..:d into a fabric must depend upon the use to whicb country, from which nearly all, if not all, of our mills' supply 
it is to be put, or the taste of the consumer. What would comes. The rigid scales, with curved sharp apexes, furnish 
please tbe people of tbe South might not please the people to the teasel its chief value for raising the nap on woolen 
of the North. The taste of the Italian would not be that of fabrlcs. 
the Norwegian, nor t�,e taate of the Mexican that of the Tbe amount and manner of gigging depend entirely upon 
American. A fabric for ladies' wear would probably ca}1 tbe kind of J�?ods trea�ed, .and the style. of fini:b desire�. 
for different colors than one for gentlemen'S wear_ Agam Worsted sUItmgs reqUIre hltle or no glggmg; ordmary caSSI
directing your attention to tbe color chart used in my former meres enough to give a clear and smooth face; wbile broad
explanation, red and green, yellow and violet, blue and cloths and beavers demand a large amount of bandlin� and 
orange, stand to one another as complementary colors, each I re-bandling, consuming a great deal of time. For the lat-
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ter, gigging is alternated a number of times witb sbearing, 
for the purpose of giving a thick or dense nap. Shearing 
at this stage of manufacture is called •. cropping," a process 
of clipping off the nap to allow tbe teasels to get more into 
tbe goods so 3S to pruduce a thIck bottom to the nap. The 
lustrous appearance of what are termed " faced goods," 
such as doeskins, broadcloths, etc. , though not a little 
attributable to gigging, is due more particularly to boil
ing the fabrics in water for many hours. The accomplish
ment of this process is to tigbtly roll the fabrics on wooden 
rolls and place them in a large wooden kettle filled with 
water WhICh is brought to a boiling point, and so sustained 
for a period of hours. After giggiug. the cloth is dried, either 
on a machine where the heat is derived from steam, or on 
.. tenter-bars " located out of doors and exposed to the rays 
of the sun. 

But what do we mean by taking energy from the earth ? 
Let me illustrate this by a comp'\rison between the earth 
rotating on its axis and tbe :fly-wheel of an engine. The fly
wheel is a sort of  reservoir, into whieh the en�ine pours its 
power at each stroke of the piston. The vanous machines 
in tbe mill merely draw off the power from the store accu
mulated in the :fly-wheel. The earth is like a gigantic fly
wheel detached from the engine. though still connected with 
the machines in the mill. In that mighty :fly-wheel a stu
pendous quantity of energy is stored up, and a stupendous 
quantity of energy would be given out before that :fly-wheel 
would come to rest. The earth's rotation is tbe reservoir 
from whence the tides draw the energy they require for 
doing work. Hence it is that though the tides are caused by 
the moon, yet whenever they require energy tbey draw on 
tbe supply ready to hand in the rotation of the earth. 

ler's celebrated laws, so tbat, as the distance shortens, so 
mURt the time of revolution shorten. In earlier times tbe 
montb must have been shorter tban our present month. 
Some millions of years agu the moon completed its journey 
in a week instead of taking twenty-eight days, as at present. 
Looking back earlier still, we find the IllIlDth has dwindled 
down to a day, then down to a few hours, until at that won
drous epoch when the moon was almost toucbing the earth, 
the moon spun round the earth once every three bours. 

We have hitherto been guided by the unerring light of 
dynamicS, but at this momentous epoch dynamics deserts us, 
and we have only probability to guide our faltering steps. 
One hint, however, dynamics does give. It reminds us that 
a rotation once in three hours is very'" close to the quickest 
rotation wbicb the earth could have WIthout falling to pieces . 
As the earth was tbus predisposed to rupture, it is of ex
treme interest to observe tLat a cause tending to precipitate 
such a rupture was tben ready to hand. It seems not un
likely that we are indebted to the sun as the occaeion by 
which the moon was fractured off from the earth and 
assumed tbe dignity of an independent body. It must be 
remembered that the sun produces tides in the earth as well 
as the moon, but the solar tides are so small compared with 
tbe lunar tides, that we have hitherto been enabled to neglect 
them. There could, however, have been no lunar tides 
before the muon existed, and consequently in the early ages 
before the moon was detached, tbe earth was disturbed by 
the solar tides, and by the solar tides alone. 

Tenter-bars are of a framework coustruction so contrived 
as to stretch the cloth to the proper widtb by means of tenter
hooks, right-angled hooks, like this one, and tbere held till it 
is fully dried. Next, the cloth is brushed by meaus of one or 
two rotary brushes, or it passes at once to the " finishing " 
sbear, a machine which cuts the nap to its proper length. 
The shearing machine requires the most careful handling of 
any machine in the tinishing department. All its adjustments 
should be very exact. The best discerning judgment of the 
department has to be employed on it. The principal parts of 
the machine are the ' 'cylinder," wbicb consists of a belicoidal 
arrangement of a number of blades, and the " ledger-blade," 
which is a flat piece of steel brought. to a very keen edge. 
The ledger-blade is brought in contact with the cylinder 
almost at a tangent. The former is stationary, w hile the 
latter is made to revolve at the great speed of about one 
thousand turns a minute. These two to�ether do tbe cutting. 
This proce�s is followed by light brushmg, with perhap!l a 
gentle steaming, on the same principle as that resorted to in 
the !lmndry before ironing, for after brushing, the cloth is put 
through an operation of hot pressing wbich has the same 
effect as iroDlng in the laundry. From the press the cloth is 
either rolled or folded ready for packing preparatory for the 
market.-Bulletin Wool Manufacturers' :1ssociation. 

AUTOMATIC TROUGH FLD SHING CLOSET. 
THE necessity for an efficient automatic :flushing closet 

has long been felt, and we believe that in the form intro
duced hy Messrs. M. J. & S. H. Adams, of Leeds, tbis want 
is met. 

'The trough is made of the best fireclay, or is supplied in 
iron, to which a specially high glaze is given, both inter
nally and externally. 

It is readily fixed by any workman. It is so constructed 
that the full length is utilized for seats, none being wasted 
by the valve-chamber as in the ordinary trough :flushing 
closet. 

When waste water from yard sinks, slop water, etc. , is led 
into the trough, only a very limited amount (if any) of other 
water is required for use in the after-:flushing; where no 
such connections are made, the closet works with the 
amount of water usually allowed fur such purposes by 
water companies (this being regulated by a plain ball-tap, 
unless otberwise ordered). The trough, when ready, dis
charges its contents by means of the patent siphon, which is 
fully charged on the instant. The siphon is equal to a four 
inch pipe, and will therefore carry off all matter without the 
fear of choking. The closet will work without attention 
for an unlimited time. It may be built to any length. The 
cro�s section given herewith shows the construction.-Build
ing News. 

THE TIDES AND THE LENGTHENING DAY.* 
By Professor ROBERT S. BALL, LL.D., F.R.S. 

THE cause of the ebb ann :flow of the tides bas long ceased 
to be a mystery. In the earliest times it waR noticed that 
the tides were connected witb the moon. Pliny and Aris
totle both refer to tbe alliance between the tides and the age 
of the moon. For many centuries, perhaps. indeed, for 
thousands of years, observant men might have known that 
the moon and the tides were connecte<l But they did not 
know any reason why this connection should exist. I dare 
say they did not even know whether the moon was the cause 
of the tides or the tides the cause of the moon. 

Nor is it easy fo explain the tides. We were all taught 
that the moon makes the tides. Yet I can imagine an oh
jector to say: " If  the moon m!tkes the tides, why does it 
give Bristol a splendid tide of forty feet, while London is 
put off with only eighteen ? "  The true answer is tbat the 
height of the tide is largely affected by local circumstances, 
by tbe outline of the coasts, by estuaries and cbannels. It is 
even affected to some extent by the wind. Into sllch de
tails, bowever, I do not now enter; all I require is that you 
shall admit tbat the moon causes the tides, and that the tides 
cause currents. 

The earth differs from the :fly-wheel of the engine in a very 
important point. As the energy is withdrawn from tbe fly
wheel by the machines in the mill, so it is restored thereto 
by the power of the steam engine, and the tiy ru ns uni
formly. But the earth is merely the :fly-wheel without the 
engine. Wben tbe work done by tbe tides witbdraws energy 
from tbe earth, tbat energy is never restored. It therefore 
follows that the energy of the earth's rotation must be de
creasing. This leads to a consequence of the most wonder
ful importance. It tells us that the speed with which the 
earth rotates on its axis is diminishing. We can state the 
result in a manner which has the merits of simplicity and 
brevity. 

. .  The tides are increasing the length of the day." 
This statement is the text of the discourse which I am to 

give you this evening. From this simple fact the new and 
wondrous tbeory of tidal evolution is deduced. 

At present no doubt the effect of the tides in changing the 
length of the day is very small. A day now is not appre
ciably longer than a day a h undred years ago. Even In a 
thousand years the change in the length of the day is only 
a fraction of a second. But the importance arises from the 
fact that the change, slow though it is, lies always in one 
direction. Tbe day is continually increasing. In millions 
of years the accumulated effect becomes not only appreciable 
but even of startling magnitude. 

The change in the length of the day must involve a cor
responding cbange in the motion of the moon. This is by 
no means obvious. It depends upon an elaborate mathe
matical theorem. I cannot attempt to prove this for you, 
but I think I can state the result so that it can be understood 
without the proof. If the moon acts on the earth and re
tards the rotation of the earth, so, conversely, does the earth 
react upon the moon. The earth is tormented by the moon, 
so it strives to drive away its persecutor. At present the 
moon revolves round tbe earth at a distance of about 240,000 
miles. The reaction of tbe earth tends to increase that dis
tance, and to force the moon to revolve in an orbit which is 
continually getting larger and larger. 

Here then we have two remarkable consequences of- the 
tides which are inseparably connected. Remember also tbat 
we are not enunciating anv mere speculati ve doctrine. These 
results are tbe inevitable· consequences of the tides. If the 
earth had no seas or oceans, no lakes or rivers ; if it were an 
absolutely rigid solid throughout its entire mass, then these 
changes could not take place. The length of the day would 
never alter, and the distance of the moon would only fluctu
ate between narrow limits. 

As thousands of years roll on, the length of the day 
increases secon d by second, and the distance of the moon 
increases mile by mile. ,These changes are never reversed. 
It is tbe old story of the perpetual dropping. As the per
petual dropping wears a way the stone, so the perpetual action 
of the tides has sculptured out the earth and moon. Still the 
action of the tides continues. To-day is longer than yesterday ; 
yesterday is longer than tbe day before. A million years 
ago the day probably contained some minutes less than our 
present day of twenty-four hours. Our retrospect does not 
halt here; we at once project our view back to an incredi
bly remote epoch wbicb was a crisis in the history of our 
system. 

Let me say at once that tbere is  great uncertainty about 
the date of that crisis. It rp.ust have been at least 50,000,000 
years ago. It may have been very much earlier. This crisis 
was the interestin� occasion when the moon was born. I 
wish I could chromcle the event with perfect accuracy, but 
I cannot be sure of anything except that it was more than 
50,000,000 years ago. 

At the critical epoch to which our retrospect extends, the 
length of the day was only a very few hours. I cannot tell 
you exactly how many hours. It seems, however, to have 
been more than two and less than four. If we call it three 
hours we shall not be far from the truth. Perhaps you may 
think that if we looked back to a still earlier epoch, the da'y 
would become still less and finally disappear altogether! Thls 
is, however, not tbe case. The day car. never have been much 
less than three bours in tbe present order of things. Every
body knows that the earth is not a sphere, but that there is a 
protuberance at the equator, so that, as our school books tell 
us, the earth is sbaped like an orange. It is well known that 
this protuberance is due to the rotation of the earth on its 
axis, by which the equatorial parts bulge out by centrifugal 
force. The quicker the earth rotates the �reater is the pro
tuberance. If, however, tbe rate of rotatIOn exceeds a cer
tain limit the equatorial portions of the earth cuuld no longer 
cling together. The attraction wbich unites them would be 
overcome by centrifugal force and a general break up would 
occur. It can be "bown that the rotation of the earth when 
on the point of rupture corresponds to a length of the day 
somewhere about tbe critical value of tbree hours, which we 
have already adopted. It is therefore impossible for us to 
suppose a day much shorter than three hours. What oc
curred prior to this I do not here discuss. 

Let us leave tbe earth for a few minutes, and examine tbe 
past history of the moon. We have seen the moon revolves 
around the earth in an ever-widening orbit, and conse
quently the moon must in ancient times have been nearer 
the earth tban it is now. No doubt the change is slow. 
There is not much difference between the orbit of the moon 
a thousand years ago and tbe orbit in which the moon is now 
moving. 

But when we rise to millions of years .the difference be
comes very appreciable. Thirty or forty millions of years 
ago the moon was much closer to the earth than it is at pres
ent; very p�sibly tbe moon was then only half its present 
distance. We must, bowever. look still earlier, to a certain 
epoch not less than fifty millions of years ago. At that 
epoch the moon must have been so close to the earth that the 
two bodies were almost touching. 

Though we bave not yet put the tides into harness, yet 
tides are not idle. Work they will do, wbetber useful or not. 
In some places the tidal currents are scouring out tbe river 
channels ; in others t.hey are moving sand banks. From a 
scientific point of view the work done by the tides is of un
speakable importance. To realize the importance, let us ask 
the questio n ,  Whence is this energy derived with wbicb the 
tides do their work? The tidal wave produced by the moon 
is the means whereby a part of the energy stored in tbe earth 
is compelled to expend itself in work. I do not say this is 
an obvious result. Indeed it depends upon a refined dy
namical theorem, which it would be impossible to enter into 
here. 

Everybody knows that tbe moon revolves now around the 
earth in a period of twenty-seven days. The period depends 

* Abl!tract of a Jecture delivered at the Midland Institute, Binningbam, upon tbe distance between the earth and the moon. The 
England. time and the distance are connected together by one of Kep-
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The primeval earth thus rose and fell under the tidal 
actiun of the sun. Probably there were no oceans then on 
the earth ; but tides do not require oceans or even water for 
tbeir operation. The primitive tides were manifested as 
throbs in the actual body of the eartb itself, wbicb was then 
in a more or less fluid condition. Even at this moment, 
bodily tides are disturbing the solid earth beneath our feet ; 
but these tides are now so small as to be imperceptible when 
compared with the oceanic tides. 

At the remote epoch of which we are speaking the solar 
tides were very small, as they are at present. Yet, small as 
they are, there was a particular circumstance which may 
have enormously increased their importance. The point to 
which I refer can be illustrated very simply. We have here 
a weight of fourteen pounds fretly suspended, and here I 
have a small wooden mallet which barely weighs half an 
ounce, yet, small as this mallet is, I can make the heavy 
weight swing by merely giving it blows with the mallet. 
Let me t7' I give the weight blow after blow. I hit it as 
hard as can, yet the weight hardly swings. I have not 
yet been successful. The art of succeeding is merely to 
time the blows properly ; this I am now doing, and you see 
the weight swings in an arc which is steadily augmenting. 

We therefore see that a succession of impulses, in them
selves small, can yet produce a great effect when they are 
properly timed. In the present case the impulses should 
succeed each other at the same interval as this pendulum 
requires for one to-and-fro oscillation. The time therefore 
depends on the body struck, and not at all on the body which 
gives the impulses. 

-
Just as this pendulum swings with a definite period, so the 

vibrations of the primeval earth had a certain period appro
priate to them. Suppose that the liquid primeval globe 
were pressed in on two quadrants and drawn out on 
·the two others, and that the pressures were then released. 
The globe would attempt to regain its original form, but tbis 
it could not do at once, any more tban the pendulum can at 
once regain its vertical position ; the protruded portions 
would go in, but tbey would overshoot the mark, and the 
globe would thus oscillate to and fro. Now it has been 
shown that the period of such oscillations in our primitive 
globe is about an hour and a half, or very close to half the 
supposed length of the day at that time. The solar tides, 
bowever, also have a period half the length of the day. Here 
then we have a case precisely analogous to the fourteen-pound 
weight I have just experimented on. We have a succession 
of small impulses given wbicb are timed to harmonize with 
the natural vibrations. Just as the small timed impulses 
raised a large vibration in the weight, so the small solar tides 
on the earth threw tbe earth into a large vibration. At first 
�hese vibrations were small, but at each succeeding impulse 
the amplitude was augmented, until at lene;th the cohesion 
of the molten matter could no longer resISt ; a separation 
took place; one portion consolidated to form our present 
earth ; tbe other portion consolidated to form the moon. 

There is no doubt whatever that the moon was once quite 
close to the earth ; but we have to speculate as to what 
brought the moon into that position. I have given you 
what I believe to be the mos.t reasonable explanation, and I 
commend it to yo1ll' attention. There are difficulties about 
it, no doubt ; let me glance at one of them. 

I can easily imagine an objector to say : " If  the moon 
were merely a fragment torn off, how can we conceive that 
it should have that beautiful globular form which we now 
flee ? Ought not the moon to have rugged corners and an 
irregular shape ? and ought not the earth to show a frightful 
scar at the spot where so large a portion of its mass was 
rent off2" 

You must remember that in those early times the earth 
was not the rigid solid mass on which we now stand. The 
earth was then so bot as to be partially soft, if not actually 
molten. If then a fragment were detached from the earth, 
that fragment would be a soft yielding mass. Not for long 
would that fraglpent retain an irregular form ; the mutual 
attraction of the particles would draw the mass together. 
By the same gentle ministrhtions the wound on the earth 
would soon be healed. In the lapse of time the earth would 
become as whole as ever, and at last it would not retain even 
a scar to testify to the mighty catastrophe. 

I am qui te sure that in so large and so cultivated an audi
ence as that which I am now addressing, there are many 
persons who take a deep interest in the great Hcience of 
geology. I believe, however, tbat the �eologist who bad 
studied all the tpxt books in existence mIght still be ullac
quainted with the very modern researches which I am 
attempting to set forth. Yet it seems to me that the geolo· 
gists must quickly take heed of these researches. They have 
the most startling and important bearing on the prevailing 
creeds in geology. One of the principal creeds they abso
lutely demolish. 

I suppose tbe most read book tbat has ever been written 
on geology is Sir Charles Lyell's " Principles_ " Tbe fea
ture which characterizes Lyell's work· is expressed in the 
title of tbe book. .. Modern Changes of the Earth and its 
Inhabitants Considered as Illustrative of Geology." Lyell 
shows bow the changes now going on in tbe earth have in 
course of time produced great effects. He points out trium
phantly that there is no need of �upposing mighty deluges 
and frightful earthquakes to accoun t for the main facts of 
geology. 

Lyell attempts to show that the present action of winds 
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